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Methods

STUDY POPULATION
The country of Sweden is the northernmost part of the European Union. By December 1995, the total population of Sweden was 8 594 124 inhabitants. According to information from the National Patient Register and from Statistics Sweden, 4.0% (4428/603 941) of the men and 2.3% (17 923/790 078) of the women aged 65 to 85 years were discharged at least once from the 90 Swedish acute care hospitals with a primary diagnosis of heart failure by ICD-9 (International Classification of Diseases, 9th ed) code 428, between 1 January 1992 and 31 November 1995. These patients, who constituted the study population, were considered first time hospitalised for heart failure as none of them had been hospitalised for this condition since at least 1987.
The National Patient Register includes information on every Swedish hospital by identification code, and records the age, gender, admission and discharge dates, as well as the primary and secondary diagnoses of all patients. Information on the vital status (that is, death) of every resident in Sweden is recorded in the National Mortality Register. A unique 10 digit personal identification number, assigned to each person in Sweden for their lifetime, is recorded in both the National Patient and National Mortality registers, and was used for record linkage between the two. The Swedish Centre for Epidemiology (http://www.sos.se/ epc) did the tabulation and provided us with the information in a form that preserved the anonymity of the subjects. Sweden has a long tradition of administering health care registers. Such registers are audited regularly, as they form the basis for resource allocation and community health surveys. Moreover, the existence of a centralised national registry limits the risk of diVerential information bias that might aVect findings if locally based (for example, county) registers were used. 9 OPERATIONAL DEFINITIONS Short-time prognosis was defined by the vital status of the patient within 30 days from admission to the hospital. Age was computed from a patient's birth up to first admission for heart failure. For both men and women, age was categorised into five groups by quintiles, with the first being used as a baseline for reference in the comparisons. Previous cancer was defined as at least one discharge diagnosis before that patient's first hospitalisation for heart failure according to ICD-9 codes 140-195. Similarly, previous infectious disease was defined by codes 001-139, previous endocrinological, nutritional, metabolic disease, or immunity disorder by codes 240-279, previous cardiovascular disease by codes 390-459 (no patient had a code 428), previous senile dementia by code 290, and previous injury or poisoning by codes 800-999.
Hospital size was defined by the total number of patients of all ages with primary or secondary hospitalisation for heart failure during the period 1992-1995. Each patient was assigned the same hospital size value as other patients in the same institution. Patients were then classified into four groups by quartiles of hospital size, with the group attended at the largest hospitals serving as reference in the comparisons.
EPIDEMIOLOGICAL AND STATISTICAL METHODS
As surveillance of the 30 day follow up period was completed for all patients, multilevel logistic regression was used to carry out a survival analysis. We performed a two level simple variance components modelling 9 with hospitals at the 2nd level and patients at the 1st level. Using an empty model (that, without any independent variable), the 2nd level (hospital) variance in prognosis was first calculated. In subsequent models, age was included, either alone (Model 2); along with previous diseases (Model 3); with the contextual variable hospital size (Model 4); or with both previous diseases and hospital size (Model 5). The 2nd level (between hospital) variance and the percentage of the total Women Men Figure 2 Thirty day survival after initial diagnosis of heart failure in Sweden (1992) (1993) (1994) (1995) variance in prognosis that was explained by institutional factors (that is, the intra-hospital correlation) were used as measures of hospital eVects. Intra-hospital correlation was calculated as 2nd level variance/(2nd level variance + 2 /3) as indicated by Snijders. 10 To illustrate hospital diVerences in prognosis, they were ranked by logarithm odds ratios having the whole country of Sweden as reference (value = 0), and uncertainty was estimated by 95% confidence intervals (that is, level 2 residuals +/-1.96 SE). Individual odds ratios (95% confidence intervals) were obtained from the coeYcient (standard error) in the fixed part of the model. Parameters were estimated using Iterative Generalized Least Square (IGLS) and Markov Chain Monte Carlo (MCMC). 11 The MLwiN, Version 1.1, software package was used to perform the analyses. 11 Kaplan-Meier curves 12 were used for graphical presentation of national 30 day survival rates in men and in women. Follow up time was calculated from date of admission until death, or until a period of 30 days had elapsed.
Results
CHARACTERISTICS OF THE POPULATION
The age of the patients ranged from 65 to 85 years, with a mean of 78 years for women and 76 years for men (age distribution is shown in figure 1 ). Of 38 343 patients, a total of 4466 died within a 30 day period after admission: 10.9% of the women (1946/17 923), and 12.3% of the men (2520/20 420). The nationwide 30 day survival curve showed greater mortality in men than in women ( fig 2) . Mortality statistics of these 4466 patients are presented in table 1. Cardiovascular disease was the most frequent cause of death, with three diagnoses (chronic ischaemic heart disease, acute myocardial infarction, and heart failure) accounting for about 53% of the cases. Nine other conditions caused the deaths of 21% of the patients (arteriosclerosis, valve disorder, complications of heart disease, old myocardial infarction, arrhythmias, pulmonary embolism and infarction, stroke, pneumonia, and diabetes mellitus). One quarter of all patients in the survey were treated at the 10 largest acute care hospitals in Sweden (table 2, Group D), and a second quarter were inpatients at the 39 smallest such facilities (table 2, Group A). The larger institutions seemed to present slight lower prevalences of senile dementia, cardiovascular disease, endocrinological, nutritional, metabolic or immunological disease, and prior injuries and intoxications. In contrast, the prevalence of cancer seemed to be slightly higher in men. The data showed that the short-term prognosis of both men and women in hospitals with fewer patients (Groups A and B) was worse than in the largest institutions (Groups C and D).
INDIVIDUAL DETERMINANTS OF PROGNOSIS
Individual age was a strong determinant of impaired prognosis in both men and women. Previous cancer, infectious disease, and endocrinological, nutritional, metabolical or immunological diseases were obvious determinants of 30 day mortality-particularly for men. Injury or intoxication contributed to an impaired prognosis for women, although not for men. Previous hospitalisation for senile dementia was also clearly associated with increased 30 day mortality.
These individual risk estimations proved very similar when all the studied variables were entered into the model (tables 3 and 4).
HOSPITAL DETERMINANTS OF PROGNOSIS
In the empty multilevel model, the intrahospital correlation showed that 1.6% (men) and 2.3% (women) of the national variance in prognosis was related to either compositional or contextual hospital factors (tables 3 and 4). The empty multilevel model showed a small but significant between hospital variance in 30 day mortality; both for men (0.053, 95% CI: 0.025, 0.082) and women (0.078, 95% CI: 0.038, 0.118), and this variance was unchanged when controlling for the age of the patients (Model 2). Adjustment for age and other diseases (Model 3) slightly increased the between hospital variance in men (+5.7%) but reduced this variance by −4% in women. The contextual variable (that is, hospital size) reduced the age adjusted between hospital variance by 22.6% (men) and 15.4% (women), and evidence of hospital eVects remained after adjusting for all variables studied (Model 5).
Hospital size presented a dose response association with individual 30 day mortality (that is, the fewer the patients, the worse the individual prognosis). 
RANKING OF THE HOSPITALS
In the case of men, five of the hospitals presented a significantly better, and seven a significantly worse, outcome than the mean in Sweden ( fig 3A) . For women, two hospitals had a better, and five had a worse outcome than the Swedish mean ( fig 3B) . However, none of these hospitals could be distinguished with certainty from other institutions at the opposite end (most distal centiles) of the spectrum. In fact, most hospitals in our study had similar outcomes and could not be placed with certainty at any specific point in the range.
Discussion
The present multilevel analysis revealed that national variation in short-term prognosis after an initial hospitalisation for heart failure was mainly explained by individual diVerences between patients. Hospital factors only accounted for a modest proportion of the national variation (1.6% in men and 2.3% in women). Nevertheless, when comparing institutions, short-term prognoses seemed to be better in patients treated at the largest hospitals (that is, the greater the number of patients in the institution, the better the individual prognosis).
On the other hand, it is also possible that the variables used for adjustment of compositional factors (that is, age and prior hospitalisations for other diseases) did not completely measure the severity of the patients. 13 Compositional residual confounding could, therefore, explain the hospital eVect found. However, further analyses using secondary or other diagnoses at the time of admission for a primary diagnosis of heart failure-rather than previous diagnoses-did not reduce the inter-hospital diVerences for 30 day mortality (not shown in the tables). Information on comorbidity was appraised by means of previous hospitalisations, as recorded in the National Patient Register. We recognise that patients in various hospitals may have many diVerences, aside from their history of prior hospitalisations. In any case, individual residual confounding may have overestimated rather than underestimated the small institutional eVects found. Figure 3 Inter-hospital diVerences in short-term prognosis (that is, 30 day mortality) after initial hospitalisation for heart failure in 90 Swedish acute care hospitals (1992) (1993) (1994) (1995) . National mean = zero. Values are logarithm odds ratios adjusted for individual age and previous hospitalisation for other diseases. The vertical lines represent 95% confidence intervals. (A) Men, (B) women. To study the influence of hospital practice on short-term prognosis, we chose to analyse mortality within a 30 day period after admission, rather than focusing on intra-hospital mortality, as some hospitals may tend to discharge terminal patients earlier than others, and this fact might possibly have introduced bias. 13 In this study comprising all the patients in Sweden, mortality after heart failure was higher than that reported in clinical trials. 14 On the other hand, our results were in agreement with previous population-based survival analyses from Scotland. 15 It is known that many patients are not included in clinical trials because they are considered at high risk, 16 a factor that seems to reduce the external validity of clinical trials regarding estimations of survival after heart failure in the general population.
Our study was limited to patients whose principal diagnosis was heart failure. These diagnoses, however, were not validated, 17 and this, in theory, may have introduced diVerential institutional information bias in cases where diagnostic practices varied among hospitals. This phenomenon has recently been noted for myocardial infarction diagnosis. 18 Control for this bias may possibly have reduced hospital eVects even further.
It is also important to consider that patients living near to a hospital may seek hospital care for less severe instances of heart failure than patients living far from one. Such a selection bias would help explain the better prognosis attributed to some large hospitals by the data. On the other hand, the capacity to admit a great number of patients may indicate the availability of improved care facilities. It must also be recalled that larger institutions tend to be teaching hospitals. These factors in themselves may influence individual prognosis in a positive way.
RANKING OF HOSPITALS
The aim of our study was to disentangle individual (patient) factors from institutional (hospital) ones in explaining variation in prognosis after an initial heart failure hospitalisation in Sweden-not to rank hospitals. However, multilevel analysis allows a more appropriate understanding of uncertainty when ranking hospitals than conventional analytical methods do. 3 Moreover, as our analysis was based on a four year period (1992-1995) and on a very large study population, it reduced random fluctuation in the incidence of hospitalisations for heart failure. On this basis, we found that most hospitals could not be placed with certainty at any specific position within the range. The few hospitals where 30 day mortality was noticeably lower or higher than the Swedish mean were not otherwise distinguishable from most hospitals.
In addition, the size of the hospital eVect in both men and women was rather small, and it is within this general eVect that relatively large diVerences between hospitals (that is, log odds ratio values in figure 3) need to be interpreted. At this point, therefore, it would be misleading to categorically assert that patients have a better prognosis at some hospitals than others.
INDIVIDUAL DETERMINANTS OF PROGNOSIS
As could be expected, age, as well as previous cancers, previous infectious disease, previous injury and intoxication, and previous endocrinological, nutritional, metabolical or immunological disease were clear individual determinants of prognosis (tables 3 and 4); the same was true for secondary diagnoses at the time of admission for a primary diagnosis of heart failure (not shown in the tables). The individual odds ratios (95% CI) of 30 day mortality in relation to coexisting cardiovascular diseases were 1.28 (1.17, 1.40) and 1.20 (1.09, 1.32) in men and in women, respectively. These odds ratios were 3.43 (2.99, 3.93) and 2.42 (2.00, 2.93) for cancer; 2.41(1.84, 3.17) and 1.33 (0.96, 1.84) for infectious disease; and 2.47 (1.82, 3.35) in men and 1.93 (1.42, 2.63) in women for coexisting injuries and intoxications. However, the mechanism underlying the strong association between 30 day mortality and previous (tables 3 and 4), as well as coexisting dementia, 2.97 (2.20, 3.99) in men and 2.08 (1.54, 2.81) in women, is more elusive. It may be a consequence of impaired patient management because a patient's prognosis after heart failure is very dependent on carefully following a treatment regimen. The care regimen must itself be continuously adapted to the unstable clinical conditions of the patient. In this regard, patient education concerning the nature of the condition, as well as collaboration between the patient and the medical team, plays a definite part 19 -one which is certainly hindered by impaired cognitive capacity. Finally, the prognosis of patients with senile dementia might also be influenced by adverse drug reactions, as many such patients are treated with drugs (for example, neuroleptics) known to impair heart functioning. 20 In conclusion, our investigation found that national variation in short-term prognosis (that is, 30 day mortality) after initial hospitalisation KEY POINTS x Accurate epidemiological monitoring is desirable to understand inequality in the prognosis of heart failure. x Single level analyses lead to inappropriate results, which mislead public opinion and provide an unsuitable basis for decision making.
x Multilevel analysis is considered today a more appropriate way to monitor health care performance. x National variation in short-term prognosis after heart failure was mainly explained by diVerences between patients, with hospital factors playing a minor part. x Hospital size seemed to emerge as one determinant of short-term prognosis after heart failure (that is, the greater the number of patients, the better the individual prognosis).
for heart failure was mainly explained by individual patient variation. Consequently, the prognosis of a specific patient was only marginally influenced by the particular hospital to which the patient was admitted. Nevertheless, hospital factors did show a modest but statistically discernable eVect on the observed diVerences in prognosis, with hospital size (that is, the larger the facility, the better the individual prognosis) appearing to be one determinant.
